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Abstract 
Fluvial dissolved and particulate organic carbon concentrations, [DOC] and [POC], 
were measured weekly in two contrasting catchments in east Iceland in June and July 2016. 
Sampling was carried out at ten sites in each catchment, including the outlets. [DOC] ranged 
from 2.1 to 6.6 mg L-1, and [POC] from 0.4 to 3.1 mg L-1. Mean TOC fluxes over the sampling 
period amounted to 0.46 µg m-2 s-1 from the West catchment and 0.42 µg m-2 s-1 from the East 
catchment. Concentration and flux data were used to analyse the relationship between organic 
carbon budgets and different land cover: heathland, wetland, sparse vegetation and dense 
Nootka lupin (Lupinus nootkatensis). Wetland area, associated with C-rich Histic Andosols, 
was found to have a significant positive influence on in-stream organic carbon concentrations 
and fluxes, and the opposite was found with sparsely vegetated areas, likely due to limited soil 
development. Areas with dense lupin cover were associated with relatively-low organic carbon 
fluxes in the East catchment, possibly because lupin stabilises its substrate, reducing 
mobilisation of DOC and POC. In the West catchment this influence was not clear, but this is 
likely due to the co-location of wetland, causing increased C exports. 
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Highlights 
• This research addresses the data gaps in fluvial carbon export in Iceland. 
• Total organic carbon (TOC) concentrations ranged between 3.0 and 8.5 mg L-1.  
• Two streams export similar TOC (0.09–0.97 µg m⁻² s⁻¹) despite different vegetation. 
• Wetland areas are associated with higher organic carbon exports. 
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1. Introduction 
Fluvial networks are an important pathway for the transport of terrestrial carbon to the 
oceans (Drake et al., 2018; Pawson et al., 2012, Hope et al., 1994). It is estimated that 5.1 Pg 
C yr-1 are transferred globally from the terrestrial environment to inland waters (Drake et al., 
2018). The further export of C to the oceans has been estimated at 0.95 Pg C yr-1 (Regnier et 
al., 2013). The dissolved organic carbon (DOC) flux (0.25 Pg C yr-1) has been identified as the 
largest transfer of reduced carbon, followed by the particulate organic carbon (POC) flux (0.18 
Pg C yr-1), from the terrestrial environment into the world's oceans (Battin et al., 2008). Exports 
from 550 catchments worldwide were found to range between 1.2 and 56,946 kg C km-2 yr-1 
of DOC and between 0.4 and 73,979 kg C km-2 yr-1 of POC (Alvarez-Cobelas et al., 2012).  
The main sources of organic carbon in headwater streams are (allochthonous) terrestrial 
inputs of organic matter, such as plant litter, through soil leaching and erosion (Pawson et al., 
2012; Dawson and Smith, 2007) and (autochthonous) in-stream biological production (Hope 
et al., 1994). While some organic carbon is transported to the ocean where it can be sequestered 
in ocean sediments (Benner et al., 2005), most in-stream organic carbon is thought to be 
mineralised to CO2 through microbial respiration, thus forming a source of carbon to the 
atmosphere (Pawson et al., 2012; Tank et al., 2012). Quantifying these budgets can give us an 
indication of terrestrial carbon sources and sinks and allow further estimates of global carbon 
fluxes between the terrestrial, atmospheric and marine environments. 
Carbon exports are largely controlled by the dominant soil and vegetation types, 
hydrology and climate. By fixing atmospheric carbon within its biomass, vegetation regulates 
the soil organic carbon (SOC) pool, thereby forming a key influence on fluvial organic carbon 
fluxes (Tank et al., 2012). Soils with a larger SOC pool, such as the peaty Histosols and Histic 
Andosols found in Iceland's wetlands, generally lead to higher in-stream DOC concentrations 
(Tank et al., 2012; Ågren et al., 2007; Kardjilov et al., 2006). This relationship is particularly 
apparent in small catchments under 5 km2 (Dawson and Smith, 2007; Aitkenhead et al., 1999). 
In contrast, sparse vegetation cover, by producing little biomass, has been shown to limit SOC 
development and organic carbon export (Jantze et al., 2015).  
High latitude soils can store relatively high amounts of carbon due to low temperatures 
and low rates of degradation (Kardjilov et al., 2006). In Iceland, the dominant soil order, 
Andosols, store the second highest amount of carbon (31 kg C m-2), after Histosols (197.5 kg 
C m-2) (Óskarsson et al., 2004). The main characteristics of Andosols are low bulk density, 
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high porosity, large soil water retention and a lack of cohesion, making them highly susceptible 
to wind and water erosion (Óskarsson et al., 2004).  
In Iceland, soil erosion has been a widespread and long-term issue, as a result of 
widespread deforestation following the settlement of the island (Arnalds, 2015). Seeding of the 
Nootka lupin (Lupinus nootkatensis), a highly productive, nitrogen-fixing legume (Arnalds, 
2015), has been shown to significantly increase SOC in areas experiencing severe erosion 
(Tanner et al., 2015; Aradóttir et al., 2000). The Nootka lupin is a non-native species to Iceland 
and was introduced in 1885 (Hiltbrunner et al., 2014) to address erosion by rapidly revegetating 
eroded and nutrient poor lands (Arnalds, 2015). It has been cultivated for revegetation since 
the 1980s (Aradóttir et al., 2000). The Nootka lupin is renowned for its ability to germinate on 
barren ground (Benediktsson, 2015), with net primary productivity ranging between 400 and 
800 g C m-2 yr-1 during its thicket stage (Hiltbrunner et al., 2014).  
Iceland experiences relatively high runoff, estimated to average 1460 mm yr-1 based on 
the water years 1961–1990 (Jónsdóttir, 2008), compared with the global average of 299 mm 
yr-1 (Fekete and Vörösmarty, 2002). The combined effects of high runoff and extent of carbon-
rich Andic Histosols, could make Iceland a significant contributor of the global fluvial carbon 
flux. While many studies on fluvial carbon fluxes in temperate and sub-arctic regions in Europe 
have been published, limited research exists for this component of the carbon cycle for Iceland. 
Rather, most research concerning the terrestrial carbon cycle has focused on carbon 
sequestration potentials through revegetation, particularly with lupin (e.g. Bjarnadottir et al., 
2009; Ritter, 2007; Tanner et al., 2015), carbon storage in basalt (e.g. Matter et al., 2009; 
Snæbjörnsdóttir et al., 2014), and carbon losses through erosion (e.g. Óskarsson et al., 2004). 
DOC and POC fluxes from a drained peatland in west Iceland (Borgarfjörður region) were 
quantified at 11.65 (± 1.98) and 9.57 (± 6.21) g m-2 yr-1, making up 2.82 and 2.31% of the local 
carbon budget, respectively (Ólafsdóttir, 2015). In 13 proglacial streams in central and 
southwest Iceland DOC concentrations ranged from 0.11 to 0.94 (mean: 0.226) mg L-1 and 
POC concentrations ranged between 0.67 and 84.67 (mean: 0.37) mg L-1 (high POC 
concentrations were linked to high anthropogenic influences), resulting in an estimated DOC 
flux of 0.008 ± 0.002 Tg yr-1 from Icelandic glaciers (Chifflard et al., 2019). Kardjilov et al. 
(2006) quantified fluvial organic carbon fluxes from three large inland catchments in NE 
Iceland, where DOC (0.23–0.30 g C m-2 yr-1) and POC (0.23–0.44 g C m-2 yr-1) fluxes were 
relatively low and close to detection limits. Despite these low fluxes, an increase in DOC and 
POC between the catchments was linked to increases in net primary productivity with greater 
wetland cover and SOC development (Kardjilov et al., 2006). 
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Here, we investigate DOC and POC export in small, runoff-driven Icelandic stream 
catchments, and how this is influenced by land cover, including the Nootka lupin. Two stream 
catchments which flow into the Norwegian Sea were selected as this helps to understand the 
extent to which terrestrial C may be delivered to the ocean. These catchments were adjacent 
but differed in discharge and land cover. We had the following objectives: (1) to quantify 
summertime organic carbon concentrations and fluxes from these catchments and (2) to 
examine the influence of different vegetation covers on concentrations and fluxes of DOC and 
POC.  
2. Method 
2.1. Study area 
The Skálanes Nature & Heritage Centre (65.294257, –13.705330) is a 12.5 km2 nature 
reserve situated on a peninsula in the eastern region of Iceland. Weekly water sampling and 
discharge measurements were carried out on two adjacent catchments, referred to as the West 
catchment and the East catchment (Fig. 1), on the reserve between 10.06.2016 and 14.07.2016. 
The two catchments were chosen for their remote location and absence of sheep-grazing to 
minimise human disturbance to the catchments and their vegetation. Their adjacent position 
means relative homogeneity in terms of their underlying geology, rainfall and temperature. 
Sampling was undertaken during the summer season to ensure peak vegetation cover, and 
connectivity between subsurface waters and the upper soil horizon (e.g. Jantze et al., 2015). 
The two study catchments are situated on the northern side of the central peninsula 
ridge, draining northwards into the Seydisfjördur fjord and are, like most other valley 
catchments in eastern Iceland (Arnalds, 2015), driven by surface runoff. Elevation ranges 
between 0 m above sea level (a.s.l.) at the catchment outlets to 372 m a.s.l. at the West 
catchment and 655 m a.s.l. at the East catchment. The hydrological year 2016 had a mean 
temperature of 4.8 °C and total rainfall of 1794.6 mm, compared with the mean of 4.6 °C and 
1666.0 mm of the preceding ten hydrological years (2006–2015) (Dalatangi weather station, 
Icelandic Meteorological Office). The months June and July 2016, during which this study took 
place, exhibited mean monthly temperatures of 7.7 °C and 9.1 °C and total monthly rainfall of 
87.4 mm and 201.4 mm, respectively. They were thus slightly warmer and wetter than average 
June and July temperatures (7.0 °C and 8.7 °C) and rainfall (62.7 mm and 114.8 mm), based 
on mean temperatures from the preceding ten summers (2006–2015) (Dalatangi weather 
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station, Icelandic Meteorological Office). The runoff rate on our study area is estimated at 
1000–2000 mm yr-1 and at 100–400 mm over the summer period of June, July and August, 
with 100–200 mm at high altitudes and 200–400 mm in the lowlands (Jónsdóttir, 2008). 
 
Fig. 1. The West catchment and the East catchment, with sampling sites, stream networks and 
vegetation distributions of heathland, wetland, sparse vegetation and dense lupin. 
 
The underlying geology is predominantly composed of tertiary basalt with some 
andesites, known as the Tertiary Formation (Arnalds, 2015). The main soil classes found here 
are Histic Andosols (HA), Brown Andosols (BA), Gleyic Andosols (WA) and Vitrisols (V) 
(Arnalds and Grétarsson, 2001). Across both catchment areas, land cover was classified into 
four categories: (1) heathland, (2) wetland, (3) sparse vegetation and (4) dense lupin. Heathland 
was dominated by dwarf heathland vegetation, such as Betula nata (dwarf birch) and Calluna 
vulgaris (common heather). Wetland areas contained various species of Carex (sedges) and 
Juncus (rushes), most notably Juncus arcticus (arctic rush), and species Agrostis capillaris 
(common bent grass), Deschampsia caespitosa (tussock grass) and Eriophorum angustifolium 
(common cotton grass). Sparsely-vegetated areas were characterised by scattered vegetation 
among rock outcrops and steep scree slopes, where willow and heath species formed small 
isolated patches. Large expanses of the study area, particularly the East catchment, were 
densely vegetated by lupin (Fig. 1).  
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The sub-catchment basin areas of the West catchment and the East catchment were 
mapped and calculated using a digital elevation model (DEM) provided by the National Land 
Survey of Iceland (http://www.lmi.is/en/) and the Hydrology toolset in ArcGIS. The spatial 
distributions of heathland, wetland, sparse vegetation and dense lupin were mapped using GPS 
on site and matched with satellite imagery of the study area (provided as supplementary 
material with this paper). Most notably, the West catchment drains larger proportions of 
wetland and heathland area and smaller proportions of sparsely vegetated areas than the East 
catchment. Both catchments drained similar proportions of dense lupin (Table 1). Within the 
study area, wetlands and dense lupin were found at up to 150 m a.s.l., while heathlands 
extended further up to 260 m a.s.l. Sparsely vegetated areas covered the upland regions down 
to 100 m a.s.l. (Fig. 1).  
 
Table 1 
Spatial characteristics of the West catchment and East catchment. 
 West catchment East catchment 
Catchment area, km² 0.43 2.01 
Average elevation, m a.s.l. 127 274 
Maximum elevation, m a.s.l. 344 660 
Minimum elevation, m. a.s.l. 0 0 
Land cover, km² (% catchment area)   
Heathland 0.18 (42.2) 0.62 (30.6) 
Wetland 0.06 (12.9) 0.03 (1.6) 
Dense lupin 0.04 (8.5) 0.20 (10.1) 
Sparse vegetation 0.16 (36.4) 1.16 (57.7) 
 
2.2. Water sampling and discharge measurements 
Ten sampling sites were selected each on the West catchment and the East catchment 
using the following rationale, used by many others (e.g. Hope et al., 1997; Jantze et al., 2015). 
Sampling sites were situated near the catchment outlets, to determine total discharge and 
carbon exports from the entire catchments. Sites were also placed on tributaries near junctions 
to the main stream, to allow discharge and carbon export data for individual tributaries to be 
estimated. Sampling sites were also situated higher up on the main stream and tributaries, to 
quantify downstream changes in discharge, carbon concentrations and exports. All sites on both 
catchments were sampled on a weekly basis over the six-week period. The two catchments 
were sampled on different days within a week due to time constraints, but sites on one 
catchment were all sampled on the same day to reduce variations in hydrological conditions. 
Sampling days within a week could not be fixed, as site access was weather dependent. 
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At each sampling site, 250 ml of water were collected and filtered using an ashed 0.7 
m glass-fibre filter paper and a hand-pump. 50 ml polypropylene vials were rinsed three times 
with filtrate before use for sample storage. The filter papers were stored in low-density 
polyethylene petri-dishes for later POC analysis. A source of error, especially for [POC], can 
be vertical and horizontal variations in concentrations within the river profile (Hope et al., 
1994). To minimise this, water samples were collected consistently from the vertical and 
horizontal centre of the stream. After sampling, instantaneous stream discharge was calculated 
from cross-channel area profiling and cross-channel changes in flow velocity. A Geopacks 
Stream Flowmeter was used – a device commonly used to measure discharge in small streams 
(Jantze et al., 2015). Over the study period, 53 samples were collected from the East catchment 
and 60 samples were taken from the West catchment.  
2.3. Laboratory analysis 
Samples were stored in a fridge at 4 °C until DOC analysis for up to 17 weeks. This 
storage time is not considered to affect filtered DOC samples (Gulliver et al., 2010). Prior to 
analysis, the filtrate was acidified to pH 3.9 using a Mettler Toledo G20 Compact Titrator, to 
remove any inorganic carbon present in the samples. [DOC] was quantified as non-purgeable 
organic carbon (NPOC) using a Thermalox TOC Analyser, which utilises high-temperature 
catalytic-oxidation to convert DOC to CO2, which is subsequently detected using an infra-red 
analyser. A primary calibration using four potassium hydrogen phthalate (KHP) standards of 
known concentration, spaced at 5 mg L-1, accompanied each sample run. 
[POC] was quantified using the loss on ignition technique (e.g. Dawson et al., 2002). 
The filter papers were exposed to 105 °C for 4 h to evaporate any water, then weighed and 
subjected to 375 °C for 16 h for dry combustion of organic matter, after which they were again 
weighed. The loss of dry weight of organic matter was corrected using the van Bemmelen 
factor 0.58, following the procedure from Pallasser et al. (2013).  
2.4. Summertime DOC and POC fluxes 
For each (sub-) catchment, instantaneous DOC and POC fluxes per unit area (µg m-2 s-
1) were quantified by multiplying concentrations of DOC or POC (µg L-1) by their associated 
discharge (m3 s-1) and dividing by the (sub-) catchment area (m2). Instantaneous fluxes at each 
sampling site were averaged over the study period to obtain mean fluxes for each site. The 
resulting mean flux estimates were used for correlation analysis with land cover categories (%). 
8 
 
Mean fluxes were also extrapolated to daily fluxes and multiplied by 94 (days in June, July and 
August) to estimate summer fluxes (g m-2). 
2.5. Statistical analysis 
A p-value < 0.05 was considered statistically significant, as this is generally applied 
with geographical data (Ebdon, 1985). As land cover data was non-normally distributed, the 
non-parametric Spearman's rank correlation test (Spearman's rho) was used to determine 
correlations between different land covers and mean organic carbon concentrations and fluxes. 
The validity of these correlations was tested in two ways: (1) by adjusting for multiple 
comparisons using the False Discover Rates (FDR)-based analysis, following the procedure by 
Pike (2011) and (2) by examining potential correlations between different land covers (where 
likewise p-values were tested using FDR-based analysis), as such a correlation could lead to 
an indirect, secondary correlation between a land cover and mean C concentrations and fluxes. 
A 2-sample t-test was applied to test for significant differences in concentrations and fluxes 
between the West catchment and East catchment.  
3. Results 
3.1. Summer organic carbon concentrations and fluxes 
Sampling site characteristics and DOC, POC and TOC concentrations and fluxes are 
summarised in Table 2. The East catchment had more variable and significantly higher mean 
discharge (p < 0.001) across sampling sites than the West catchment (Fig. 2). [DOC] and [POC] 
ranged from 2.1 to 6.6 mg L-1 and from 0.4 to 3.1 mg L-1 respectively in the West catchment, 
and between 2.1 and 6.3 mg L-1 and 0.6 and 2.3 mg L-1 respectively in the East catchment. 
DOC and POC fluxes near the West catchment outlet (site W01) averaged at 0.34 and 0.12 (µg 
m⁻² s⁻¹) respectively, and near the East catchment outlet (site E01) at 0.31 and 0.11 (µg m⁻² 
s⁻¹) respectively, over the study period. A two-sample t-test, including all data from both 
catchments, showed significantly higher [DOC]s in the West catchment (mean = 4.4 mg L-1, σ 
= 0.9) than across the East catchment (mean = 3.5 mg L-1, σ = 0.9) (p < 0.001) (Fig. 3). Similarly 
at the catchment outlets, W01 (mean = 4.7 mg L-1, σ = 1.0) had significantly higher [DOC]s 
than E01 (mean = 3.3 mg L-1, σ = 0.9), over the study period (p < 0.05). [POC] as well as DOC, 
POC and TOC fluxes did not differ significantly between the two catchments (p > 0.05). 
However, mean DOC fluxes in the West catchment were more responsive to a peak in discharge 
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on 21.06.2016 whereas mean fluxes in the East catchment remained relatively stable 
throughout the study period (Fig. 4).  
Across all sampling sites, TOC concentrations and fluxes were made up mostly of DOC 
(56.0–89.2 %). A two-sample t-test showed that in the West catchment, TOC concentrations 
and fluxes consisted of proportionally significantly more DOC than in the East catchment (p < 
0.01). At the catchment outlet sites, DOC made up 73.7% (σ = 8.1) of TOC at W01 and 72.1% 
(σ = 8.9) of TOC at E01.  
 
Fig. 2. Mean discharge (m3 s-1) measured across sampling sites in the West catchment and the East 
catchment over the sampling period.  
 
 
Fig. 3. Mean [DOC] and [POC] (mg L-1) across sampling sites in the West catchment and East 
catchment over the sampling period.  
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Fig. 4. Mean DOC and POC fluxes (µg m-2 s-1) across sampling sites in the West catchment and East 
catchment over the sampling period. 
3.2. The influence of land cover on organic carbon budgets 
Spearman rho correlation coefficient between DOC, POC and TOC concentrations and 
fluxes and catchment characteristics, with associated significance, as well as FDR-adjusted 
significance, for the West catchment, East catchment and both catchments combined are shown 
in Table 3. In the West catchment, DOC, POC and TOC concentrations and fluxes increased 
significantly with wetland cover (Spearman rho, p < 0.05) (Fig. 5). The correlations between 
wetland cover and [POC], [TOC] and DOC, POC and TOC fluxes remained significant after 
FDR-adjusted p-values (Table 3). In addition, [POC] in the West catchment increased 
significantly with lupin cover and decreased significantly with larger areas of sparse vegetation 
(Spearman rho, p < 0.01) (Fig. 5) – both of these correlations remained significant (p < 0.05) 
after p-values were adjusted using FDR analysis (Table 3). DOC and POC fluxes also increased 
significantly with lupin cover in the West catchment (Spearman rho, p < 0.05) (Fig. 5), though 
this correlation didn't remain significant after FDR-adjusted p-values. In the East catchment, 
DOC and POC fluxes increased significantly with discharge (Spearman rho, p < 0.05) and 
reduced significantly with greater lupin cover (Spearman rho, p < 0.05) (Fig. 5), though neither 
of these correlations remained significant after FDR-adjusted p-values. Significant correlations 
and their coefficients between different land cover categories (Table 4) were examined to 
account for third factor causation, where a significant correlation between two land cover 
categories could lead to a misinterpretation of correlations between organic carbon exports and 
land cover. A significant positive correlation (a rise in one vegetation cover coinciding with a 
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rise in another vegetation cover) was found between wetland and lupin cover in the West 
catchment (p < 0.05) (although this correlation was no longer deemed truly significant after 
FDR analysis). Significant negative correlations existed between sparse vegetation and 
heathland in the East catchment (p < 0.001), and between sparse vegetation and lupin in the 
West catchment (p < 0.001), both of which remained significant when p-values were adjusted 
using FDR analysis.  
 
Fig. 5. Significant correlations (p < 0.05) between organic carbon concentrations (mg L-1) or fluxes 
(µg m-2 s-1) and vegetation cover (%). 
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Table 2 
Sub-catchment characteristics and mean DOC, POC and TOC concentrations and fluxes (±standard deviation) at sampling sites in the East catchment and 
West catchment.  
Site 
Number 
of 
samples 
Area 
(km2) 
Mean  
discharge 
(m3 s-1) 
Land cover (%) Concentration (mg C L-1) Flux (μg C m-2 s-1) 
H L SV W DOC POC TOC DOC POC TOC 
East catchment           
E01 6 2.00 0.184 30.3 10.1 58.0 1.6 3.3 (±0.9) 1.2 (±0.4) 4.5 (±0.7) 0.31 (±0.17) 0.11 (±0.06) 0.42 (±0.21) 
E02 6 0.31 0.009 28.2 6.5 60.4 4.9 3.9 (±0.5) 1.2 (±0.4) 5.1 (±0.5) 0.11 (±0.05) 0.04 (±0.02) 0.15 (±0.07) 
E03 6 0.34 0.014 40.0 6.2 53.8 0.0 3.5 (±0.9) 1.4 (±0.4) 4.9 (±0.9) 0.14 (±0.06) 0.06 (±0.04) 0.20 (±0.10) 
E04 6 1.02 0.151 20.2 1.1 77.6 1.1 2.8 (±0.5) 1.4 (±0.5) 4.2 (±0.5) 0.39 (±0.14) 0.02 (±0.01) 0.41 (±0.15) 
E05 6 0.07 0.006 79.8 0.9 7.5 11.8 3.9 (±1.0) 1.3 (±0.3) 5.3 (±0.9) 0.34 (±0.17) 0.11 (±0.04) 0.45 (±0.19) 
E06 5 0.06 0.007 80.3 0.3 9.6 9.9 3.3 (±0.5) 1.4 (±0.3) 4.6 (±0.5) 0.43 (±0.21) 0.18 (±0.07) 0.60 (±0.27) 
E07 6 0.90 0.154 12.8 0.1 87.1 0.0 3.5 (±0.9) 1.5 (±0.6) 4.3 (±1.4) 0.60 (±0.34) 0.25 (±0.18) 0.86 (±0.49) 
E08 4 0.32 0.006 38.9 3.2 57.9 0.0 3.9 (±0.6) 1.4 (±0.3) 5.2 (±1.4) 0.08 (±0.05) 0.03 (±0.01) 0.10 (±0.05) 
E09 5 0.12 0.002 61.7 38.3 0.0 0.0 3.5 (±0.6) 1.6 (±0.4) 5.1 (±0.8) 0.06 (±0.04) 0.03 (±0.02) 0.08 (±0.06) 
E10 3 0.26 0.005 24.8 4.3 70.6 0.3 3.3 (±0.7) 1.5 (±0.6) 4.7 (±1.1) 0.06 (±0.01) 0.03 (±0.01) 0.08 (±0.02) 
West catchment           
W01 6 0.43 0.032 42.1 8.0 36.8 13.1 4.7 (±1.0) 1.6 (±0.5) 6.3 (±0.8) 0.34 (±0.22) 0.12 (±0.07) 0.46 (±0.27) 
W02 6 0.35 0.025 41.2 2.3 45.7 10.8 4.8 (±0.3) 1.6 (±0.5) 6.4 (±0.3) 0.34 (±0.28) 0.11 (±0.08) 0.46 (±0.35) 
W03 6 0.04 0.007 38.2 28.3 0.0 33.5 4.6 (±0.8) 1.9 (±0.6) 6.5 (±0.9) 0.76 (±0.50) 0.27 (±0.09) 1.03 (±0.57) 
W04 6 0.03 0.003 30.7 29.2 0.0 40.1 4.9 (±0.8) 1.9 (±0.7) 6.8 (±1.3) 0.44 (±0.29) 0.16 (±0.09) 0.60 (±0.37) 
W05 6 0.33 0.011 41.1 2.1 47.2 9.6 3.6 (±0.9) 1.4 (±0.7) 5.0 (±1.4) 0.12 (±0.06) 0.05 (±0.04) 0.17 (±0.09) 
W06 6 0.21 0.010 51.0 2.8 40.3 6.0 4.3 (±0.6) 1.3 (±0.3) 5.6 (±0.7) 0.19 (±0.12) 0.06 (±0.04) 0.25 (±0.15) 
W07 6 0.11 0.009 22.9 0.0 63.2 14.0 4.3 (±0.7) 1.4 (±0.2) 5.7 (±0.8) 0.33 (±0.08) 0.11 (±0.03) 0.44 (±0.11) 
W08 6 0.20 0.008 53.0 1.2 42.5 3.4 4.1 (±1.5) 1.2 (±0.3) 5.3 (±1.6) 0.18 (±0.14) 0.05 (±0.02) 0.22 (±0.16) 
W09 6 0.17 0.007 49.6 0.0 50.4 0.0 3.9 (±0.7) 1.0 (±0.3) 4.9 (±0.9) 0.17 (±0.17) 0.05 (±0.05) 0.22 (±0.21) 
W10 6 0.09 0.006 20.0 0.0 78.4 1.6 4.6 (±1.4) 0.9 (±0.1) 5.5 (±1.4) 0.26 (±0.12) 0.06 (±0.03) 0.32 (±0.15) 
H = heathland; L = lupin; SV = sparse vegetation; W = wetland 
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Table 3 
Spearman Rho correlation coefficients between vegetation cover (%) and DOC, POC and TOC. 
Concentrations are in mg C L-1 and fluxes are in µg C m-2 s-1. Area is in m² and discharge is in m3 s-1. 
* = p ≤ 0.05, ** = p ≤ 0.01, and *** = p ≤ 0.001. † signifies truly significant correlations after FDR-
adjusted p-values, following the method by Pike (2011).  
  Area Discharge H L SV W 
Concentration       
DOC East -0.273 -0.297 0.236 0.152 -0.358 0.019 
  West -0.188 -0.115 -0.382 0.607 -0.486 * 0.661 
  Both -0.389 -0.185 0.084 0.092 -0.393 **† 0.627 
        
POC East -0.115 -0.297 -0.188 -0.188 0.091 -0.557 
  West -0.055 0.103 -0.188 ***† 0.865 **† -0.778 ***† 0.915 
  Both 0.012 -0.006 -0.033 * 0.505 -0.39 0.348 
        
TOC East -0.442 -0.491 0.552 0.236 -0.624 0.119 
  West -0.273 -0.115 -0.37 * 0.755 * -0.657 ***† 0.867 
  Both -0.430 -0.245 0.164 0.23 * -0.511 ***† 0.691 
        
Flux       
DOC East 0.188  * 0.685 -0.067 * -0.721 0.236 0.319 
 West -0.345 -0.200 -0.418 * 0.644 -0.571 **† 0.782 
 Both -0.152 0.284 -0.12 -0.154 -0.188 * 0.552 
        
POC East 0.236  * 0.697 -0.224 * -0.745 0.394 0.313 
 West -0.273 -0.103 -0.503 * 0.718 -0.596 ***† 0.867 
 Both -0.003 0.406 -0.177 -0.092 -0.116 * 0.495 
        
TOC East 0.285 * 0.721 -0.164 * -0.697 0.309 0.281 
  West -0.345 -0.200 -0.418 * 0.644 -0.571 **† 0.782 
  Both -0.078 0.349 -0.143 -0.175 -0.137 * 0.514 
 
Table 4 
Spearman Rho correlations between different vegetation covers. * = p ≤ 0.05, ** = p ≤ 0.01, and *** 
= p ≤ 0.001. † signifies truly significant correlations after FDR-adjusted p-values, following the 
method by Pike (2011).  
  Lupin Sparse vegetation Wetland 
Heathland Both 0.108 †***-0.774 0.142 
 East 0.091 †***-0.952 0.331 
 West 0.067 -0.267 -0.418 
     
Lupin Both  *-0.481 0.132 
 East  -0.285 -0.200 
 West  †***-0.948 *0.706 
     
Sparse vegetation Both   *-0.499 
 East   -0.169 
 West   -0.620 
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4. Discussion 
4.1. Organic carbon concentrations and fluxes 
Across the study site, [DOC] and [POC] ranged between 2.1 and 6.6 mg L-1 and from 
0.4 to 3.1 mg L-1, respectively. [DOC]s from our catchments were higher than average 
concentrations (1.2 ± 0.8 mg L-1) from 32 sites in the 576 km2 subarctic Abiskojokka catchment 
in northern Sweden (Jantze et al., 2015), but resembled mean summer [DOC]s in three 
headwater streams, HP3A (3.6 ± 0.8 mg L-1), HP4 (7.0 ± 1.0 mg L-1) and PC1-08 (2.0 ± 0.3 
mg L-1) from the Harp Lake and Plastic Lake catchments in central Ontario, Canada (Eimers 
et al., 2008). These three stream catchments contained similar proportions of % peatland cover 
(3%, 8% and <2%, respectively) to the % wetland cover of the West catchment, at W01, and 
East catchment, at E01 (Table 2). However, estimated summer DOC fluxes (June, July, 
August) from the West catchment (2.7 ± 1.7 g m-2) and the East catchment (2.5 ± 1.3 g m-2) 
were relatively higher than summer DOC fluxes from these three headwater streams, HP3A 
(0.18 ± 0.20 g m-2), HP4 (0.36 ± 0.26 g m-2) and PC1-08 (0.029 ± 0.021 g m-2) (Eimers et al., 
2008), which could have been due to differences in catchment characteristics, runoff and 
climate. 
If our summer DOC and POC fluxes were extrapolated over the length of the snow-free 
season, annual TOC fluxes would be 14.4 g m-2 yr-1 (DOC 10.6 g m-2 yr-1; POC 3.8 g m-2 yr-1) 
for the West catchment and 13.3 g m-2 yr-1 (DOC 9.8 g m-2 yr-1; POC 3.5 g m-2 yr-1) for the East 
catchment. Organic carbon fluxes in subarctic and boreal catchments tend to be highest during 
the spring snowmelt, leading to flushing of DOC-rich organic soils (Jantze et al., 2015, Ågren 
et al., 2007), and during the summer snow-free season, when vegetation cover is at its 
maximum and high temperatures lead to greater degradation of plant litter (Köhler et al., 2009; 
Ågren et al., 2007). In addition, surface runoff rivers, such as ours, in Iceland are known to 
have extremely fluctuating flow, being generally low in winter and during dry conditions, but 
having the potential to increase to more than ten times the average flow during spring floods 
and sudden thaw events in winter (Arnalds, 2015). These fluxes are therefore very likely to be 
overestimates of annual exports and should therefore be taken purely as very rough estimates.  
These rough estimates are, nevertheless, considerably higher than those from three 
larger river catchments, Jökulsá á Fjöllum (0.48 g C m-2 yr-1), Jökulsá á Dal (0.74 g C m-2 yr-1) 
and Fellsá (0.48 g C m-2 yr-1), situated in northeast Iceland, of which the first two catchments 
drain northwards from the Vatnajökull glacier (Kardjilov et al., 2006). The three catchments 
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were considerably larger, at 5179 km2, 3338 km2 and 124 km2, with higher mean annual 
discharges of 164 m3 s-1, 130 m3 s-1 and 6 m3 s-1 (data from 1998), respectively, compared with 
our catchments (Table 2). However, similarly as with our study, these larger river budgets were 
quantified using a small sample size of 10 samples per year between 1998 and 2003 and their 
estimates may similarly lack resolution and have led to underestimates. Smaller catchments, 
such as the West catchment and East catchment can be more variable in C exports than larger 
catchments (Alvarez-Cobelas et al., 2012). Firstly, organic carbon concentrations and fluxes, 
particularly of DOC, tend to show a stronger connectivity to the SOC pool within smaller 
catchments (Dawson and Smith, 2007; Aitkenhead et al., 1999). Secondly, in-stream DOC 
concentrations tend to be higher in lowlands (<700 m) than in uplands due to changes in SOC 
production associated with land cover and slope (Parry et al., 2015; Aitkenhead et al., 1999). 
In Iceland, both wetlands and heathlands are predominantly found in lowland areas, with 87% 
of heathlands and 95% of wetlands occurring between 0 and 600 m a.s.l. (Arnalds, 2015). The 
West catchment and East catchment had mean elevations of 127 m and 274 m, while the 
Jökulsá á Fjöllum, Jökulsá á Dal and Fellsá had higher mean elevations of 883 m, 897 m and 
703 m, respectively (Kardjilov et al., 2006), and considerably less vegetation cover than the 
West catchment and East catchment. Compared with our study catchments, the three 
catchments in NE Iceland contained lower proportions of vegetated land (heath, grassland, 
cultivated land, wetland and moss heath) and larger expanses of little to no vegetation cover 
(sparsely vegetated land, rivers, lakes and glaciers). The Jökulsá á Dal catchment, with 11% 
wetland cover, resembled our West catchment, where site W01 contained 13.1% wetland cover 
(Table 2). The two catchments differed however in their proportions of total vegetated cover, 
with only 32% of the Jökulsá á Dal catchment covered in wetland, heath, grassland and 
cultivated land, while our site W01 was made up of 63.2% vegetated area (heathland, dense 
lupin and wetland) (Table 2).  
Rough estimates of annual TOC fluxes from the West catchment and East catchment 
were of similar magnitude to annual fluxes measured at temperate peat moorland catchments 
of comparable size and discharge in the UK and Sweden. The Brocky Burn in NE Scotland, 
with a catchment area of 1.3 km2 and mean discharge of 0.036 m3 s-1, drains an area largely 
composed of heather moorland with rushes and grasses, and exported 18.8 g TOC m-2 yr-1 
(Dawson et al., 2002). The Upper Hafren in mid-Wales, with a catchment area of 0.93 km2 and 
mean discharge of 0.062 m3 s-1, exported 11.1 g TOC m-2 yr-1 from an area of acid moorland 
with acidic grassland and peaty mires (Dawson et al., 2002). Similarly, in southern Sweden, a 
catchment (0.57 km2), dominated by approximately 40% open minerotrophic fen, exported 
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18.8 g C m-2 yr-1 of DOC, while an adjacent catchment (0.48 km2), consisting of over 90% 
forest, exported 11.9 g C m-2 yr-1 of DOC, based on 115 and 97 samples taken between April 
and December (2012 and 2013), respectively (Wallin et al., 2015). This, again, suggests the 
strong dependency of organic carbon exports on high percentage vegetation cover and greater 
soil connectivity in small catchments.  
4.2. The influence of land cover on organic carbon budgets 
The West catchment had significantly higher mean [DOC]s (mg L-1) at 4.4 ± 0.9 mg L-
1, than the East catchment (3.5 ± 0.9 mg L-1) (p < 0.001) (Fig. 3), and DOC fluxes were 
generally more variable over time across the West catchment sampling sites (Fig. 4). The 
significant positive correlation between [DOC] and wetland area, as found in the West 
catchment, has been observed elsewhere (Jantze et al., 2015, Monteith et al., 2015 and Ågren 
et al., 2007). In Iceland, wetlands, including those in our study area (Arnalds and Grétarsson, 
2001), are largely associated with SOC-rich Histic Andosols (Arnalds 2015). Wetlands are 
highly productive ecosystems, where waterlogged conditions ensure constant connectivity for 
the leaching of humic components from the SOC pool to exporting waters (Jantze et al., 2015; 
Aitkenhead et al., 1999). In addition, eroding C-rich wetland soils can be significant 
contributors to the export of POC (Pawson et al., 2012), which could explain the significant 
positive correlation between wetland area and POC concentration and fluxes in the West 
catchment. Sparsely vegetated areas occurred mainly on steep scree slopes, associated with 
SOC-poor Leptosols (Arnalds, 2015). Differences in vegetation cover (Table 1) and soil, due 
to elevation, were likely drivers of higher estimated fluxes in the West catchment compared 
with the East catchment. 
The Nootka lupin has been shown to be highly effective in increasing SOC content 
(Tanner et al., 2015; Aradóttir et al., 2000) and stabilising the soil (Tanner et al., 2015; 
Hiltbrunner et al., 2014). In the East catchment, DOC, POC and TOC fluxes decreased 
significantly with greater lupin cover (Table 3). This is consistent with the stabilising effect of 
dense lupin cover on the soil which could lead to reduced mobilisation of DOC and POC. 
However, in the West catchment, [POC] increased significantly with lupin cover, and so did 
DOC, POC and TOC fluxes (Table 3). This could be due to the greater amounts of litter 
associated with the plant's size, in contrast to smaller wetland and heathland vegetation. Lupin 
grew mainly in the higher, south-eastern areas of the West catchment and near the outlet site 
W01 (Fig. 1). Areas covered with dense lupin formed significant parts of the sub-catchments 
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of sites W03 and W04, which also contained relatively high wetland cover (Table 2). A 
Spearman's rank correlation test showed this correlation between wetland and lupin cover in 
the West catchment to be significant (p < 0.05) (Table 4). The positive correlation between 
lupin and organic carbon fluxes in the West catchment could therefore have been an artefact of 
the correlation between lupin and wetland cover.  
5. Conclusions 
This research reports new data on DOC and POC concentrations and exports from 
stream catchments in Iceland, an area lacking in C flux data. Wetland cover, associated with 
SOC-rich Histic Andosols, was found to be a driving force in enhancing DOC, POC and TOC 
fluxes. The role of Nootka lupin in influencing C fluxes seemed inconsistent between the two 
catchments, but this may be because the West catchment wetland cover exerted a positive 
control on increased flux and was co-located with Nootka lupin. 
The West catchment and East catchment differed in discharge and vegetation cover, 
which may have led to the significant difference in their [DOC]s, although they did not differ 
significantly in flux. The significantly higher [TOC]s in the West catchment were likely driven 
by its larger wetland area, while [TOC]s in the East catchment were limited by proportionately 
larger areas of SOC-poor sparse vegetation.  
Jónsdóttir (2008) predicts a 2.8 °C rise in temperature and a 6% increase in precipitation 
by the period 2071–2100, estimated to lead to a 25% increase in runoff on average across 
Iceland, with unknown implications for soil erosion, biomass production and organic carbon 
exports. With limited data on fluvial C export from Iceland, this research provides better 
understanding of the magnitude and controls on organic carbon budgets in Icelandic stream 
catchments, and thus the drivers of terrestrial C export. It thereby contributes to global 
estimates of organic carbon exports and provides a baseline for further study of organic carbon 
budgets in Iceland. 
Supplementary data to this article can be found online at 
https://doi.org/10.1016/j.catena.2019.104245. 
Acknowledgements 
This study was conducted as part of a research project during the 2016 Iceland 
expedition (Glasgow University Exploration Society). The authors thank Ólafur Pétursson for 
providing accommodation, facilities and local guidance at the Skálanes Nature & Heritage 
18 
 
Centre. We would like to thank fellow expedition team members Martha Thomson, Henriette 
Scholz, Elizabeth Millar, Michael O'Brien and Scott McCready for combined fundraising 
efforts and fieldwork assistance. We are grateful to the anonymous reviewers for providing 
useful comments. 
Funding 
This project was supported by the Royal Geographical Society (with IBG) with a 
Geographical Fieldwork Grant, the Glasgow Natural History Society and the Gilchrist 
Educational Trust. 
References 
Ågren, A., Buffam, I., Jansson, M., Laudon, H., 2007. Importance of seasonality and small 
streams for the landscape regulation of dissolved organic carbon export. J. Geophys. 
Res. Biogeosci. 112. doi:10.1029/2006JG000381. 
Aitkenhead, J.A., Hope, D., Billett, M.F., 1999. The relationship between dissolved organic 
carbon in stream water and soil organic carbon pools at different spatial scales. Hydrol. 
Process. 13, 1289–1302. doi:10.1002/(SICI)1099-1085(19990615)13:8<1289::AID-
HYP766>3.0.CO;2-M. 
Alvarez-Cobelas, M., Angeler, D.G., Sánchez-Carrillo, S., Almendros, G., 2012. A worldwide 
view of organic carbon export from catchments. Biogeochemistry. 107, 275-293. 
doi:10.1007/s10533-010-9553-z. 
Aradóttir, Á.L., Svavarsdóttir, K., Jónsson, T.H., Gudbergsson, G., 2000. Carbon accumulation 
in vegetation and soils by reclamation of degraded areas. Icelandic Agric. Sci. 13, 99–
113. https://www.cabdirect.org/cabdirect/abstract/20003006251. 
Arnalds, O., Grétarsson, H., 2001. Soil Map of Iceland. Agricultural Research Institute 
(RALA). 
Arnalds, O., 2015. The Soils of Iceland, Springer, Dordrecht. 
Battin, T.J., Kaplan, L.A., Findlay, S., Hopkinson, C.S., Marti, E., Packman, A.I., Newbold, 
J.D., Sabater, F., 2008. Biophysical controls on organic carbon fluxes in fluvial 
networks. Nat. Geosci. 1, 95–100. doi:10.1038/ngeo101. 
Benediktsson, K., 2015. Floral hazards: Nootka lupin in Iceland and the complex politics of 
invasive life. Geogr. Ann. Ser. B Hum. Geogr. 97, 139–154. doi:10.1111/geob.12070. 
Benner, R., Louchouarn, P., Amon, R.M.W., 2005. Terrigenous dissolved organic matter in the 
Arctic Ocean and its transport to surface and deep waters of the North Atlantic. Glob. 
Biogeochem. Cycles 19. doi:10.1029/2004GB002398. 
Bjarnadottir, B., Sigurdsson, B.D., Lindroth, A., 2009. A young afforestation area in Iceland 
was a moderate sink to CO2 only a decade after scarification and establishment. 
Biogeosciences 6, 2895–2906. doi:10.5194/bg-6-2895-2009. 
Chifflard, P., Fasching, C., Reiss, M., Dietzel, L., Boodoo, K.S., 2019. Dissolved and 
particulate organic carbon in Icelandic proglacial streams: a first estimate. Water 11 
(4), 748. doi:10.3390/w11040748. 
19 
 
Dawson, J.J.C., Billett, M.F., Neal, C., Hill, S., 2002. A comparison of particulate, dissolved 
and gaseous carbon in two contrasting upland streams in the UK. J. Hydrol. 257, 226–
246. doi:10.1016/S0022-1694(01)00545-5. 
Dawson, J.J.C., Smith, P., 2007. Carbon losses from soil and its consequences for land-use 
management. Sci. Total Environ. 382, 165–190. doi:10.1016/j.scitotenv.2007.03.023. 
Drake, T.W., Raymond, P.A., Spencer, R.G.M., 2018. Terrestrial carbon inputs to inland 
waters: a current synthesis of estimates and uncertainty. Limnol. Oceanogr. Lett. 3, 
132-142. doi:10.1002/lol2.10055. 
Ebdon, D. 1985. Statistics in Geography, second ed. Blackwell, Oxford. 
Eimers, M.C., Buttle, J., Watmough, S.A., 2008. Influence of seasonal changes in runoff and 
extreme events on dissolved organic carbon trends in wetland- and upland-draining 
streams. Can. J. Fish. Aquat. Sci. 65, 796–808. doi:10.1139/f07-194. 
Fekete, B.M., Vörösmatry, C.J., 2002. High-resolution fields of global runoff combining 
observed river discharge and simulated water balances. Glob. Biogeochem. Cycles 16 
(3), 1042. doi:10.1029/1999GB001254. 
Gulliver, P., Waldron, S., Scott, E.M., Bryant, C.L., 2010. The effect of storage on the 
radiocarbon, stable carbon and nitrogen isotopic signatures and concentration of 
riverine DOM. Radiocarbon 52, 1113–1122. doi:10.1017/S0033822200046191. 
Hiltbrunner, E., Aerts, R., Bühlmann, T., Huss-Danell, K., Magnusson, B., Myrold, D.D., 
Reed, S.C., Sigurdsson, B.D., Körner, C., 2014. Ecological consequences of the 
expansion of N2-fixing plants in cold biomes. Oecologia 176, 11–24. 
doi:10.1007/s00442-014-2991-x. 
Hope, D., Billett, M.F., Cresser, M.S., 1994. A review of the export of carbon in river water: 
fluxes and processes. Environ. Pollut. 84, 301–324. doi:10.1016/0269-7491(94)90142-
2. 
Hope, D., Billett, M.F., Cresser, M.S., 1997. Exports of organic carbon in two river systems in 
NE Scotland. Hydrol. Process. 193, 61–82. doi:10.1016/S0022-1694(96)03150-2. 
Icelandic Meteorological Office. Icelandic Meteorological Office – home. [Online]. no date. 
Available from: http://en.vedur.is/climatology/data/, 8 October 2016. 
Jantze, E.J., Laudon, H., Dahlke, H.E., Lyon, S.W., 2015. Spatial variability of dissolved 
organic and inorganic carbon in subarctic headwater streams. Arctic, Antarct. Alp. Res. 
47, 529–546. doi:10.1657/AAAR0014-044. 
Jónsdóttir, J.F., 2008. A runoff map based on numerically simulated precipitation and a 
projection of future runoff in Iceland. Hydrol. Sci. J. 53, 100–111. 
doi:10.1623/hysj.53.1.100. 
Kardjilov, M.I., Gisladottir, G., Gislason, S.R., 2006. Land degradation in northeastern Iceland: 
Present and past carbon fluxes. L. Degrad. Dev. 17, 401–417. doi:10.1002/ldr.746. 
Köhler, S.J., Buffam, I., Seibert, J., Bishop, K.H., Laudon, H., 2009. Dynamics of stream water 
TOC concentrations in a boreal headwater catchment: controlling factors and 
implications for climate scenarios. J. Hydrol. 373, 44-56. 
doi:10.1016/j.jhydrol.2009.04.012. 
Matter, J.M., Broecker, W.S., Stute, M., Gislason, S.R., Oelkers, E.H., Stefánsson, A., Wolff-
Boenisch, D., Gunnlaugsson, E., Axelsson, G., Björnsson, G., 2009. Permanent carbon 
dioxide storage into basalt: The CarbFix Pilot Project, Iceland. Energy Procedia 1, 
3641–3646. doi:10.1016/j.egypro.2009.02.160. 
20 
 
Monteith, D.T., Henrys, P.A., Evans, C.D., Malcolm, I., Shilland, E.M., Pereira, M.G., 2015. 
Spatial controls on dissolved organic carbon in upland waters inferred from a simple 
statistical model. Biogeochemistry 123, 363–377. doi:10.1007/s10533-015-0071-x. 
National Land Survey of Iceland. Free digital data: IS 50V. [Online]. no date. Available from: 
http://www.lmi.is/en/stafraen-gogn/is-50v-nytt/, 28 May 2016. 
Ólafsdóttir, R., 2015. Carbon Budget of a Drained Peatland in Western Iceland and Initial 
Effects of Rewetting. (M.Sc. thesis), Agricultural University of Iceland. 
Óskarsson, H., Arnalds, Ó., Gudmundsson, J., Gudbergsson, G., 2004. Organic carbon in 
Icelandic Andosols: geographical variation and impact of erosion. Catena 56, 225–238. 
doi:10.1016/j.catena.2003.10.013. 
Pallasser, R., Minasny, B., McBratney, A.B., 2013. Soil carbon determination by 
thermogravimetrics. PeerJ 1, e6. doi:10.7717/peerj.6. 
Parry, L.E., Chapman, P.J., Palmer, S.M., Wallage, Z.E., Wynne, H., Holden, J., 2015. The 
influence of slope and peatland vegetation type on riverine dissolved organic carbon 
and water colour at different scales. Sci. Total Environ. 527–528, 530–539. 
doi:10.1016/j.scitotenv.2015.03.036. 
Pawson, R.R., Evans, M.G., Allott, T.E.H.A., 2012. Fluvial carbon flux from headwater 
peatland streams: significance of particulate carbon flux. Earth Surf. Process. 
Landforms 37, 1203–1212. doi:10.1002/esp.3257. 
Pike, N., 2011. Using false discovery rates for multiple comparisons in ecology and evolution. 
Methods Ecol. Evol. 2, 278–282. doi:10.1111/j.2041-210X.2010.00061.x. 
Regnier, P., Friedlingstein P., Ciais P., Mackenzie F.T., Gruber N., Janssens I.A., Laruelle 
G.G., Lauerwald R., Luyssaert S., Andersson A.J., Arndt S., Arnosti C., Borges A.V., 
Dale A.W., Gallego-Sala A., Goddéris Y., Goossens N., Hartmann J., Heinze C., Ilyina 
T., Joos F., LaRowe D.E., Leifeld J., Meysman F.J.R., Munhoven G., Raymond P.A., 
Spahni R., Suntharalingam P., Thullner M., 2013. Anthropogenic perturbation of the 
carbon fluxes from land to ocean. Nat. Geosci. 6, 597-607. doi:10.1038/ngeo1830.  
Ritter, E., 2007. Carbon, nitrogen and phosphorus in volcanic soils following afforestation with 
native birch (Betula pubescens) and introduced larch (Larix sibirica) in Iceland. Plant 
Soil 295, 239–251. doi:10.1007/s11104-007-9279-4. 
Snæbjörnsdóttir, S., Wiese, F., Fridriksson, T., Ármansson, H., Einarsson, G.M., Gislason, 
S.R., 2014. CO2 storage potential of basaltic rocks in Iceland and the oceanic ridges. 
Energy Procedia 63, 4585–4600. doi:10.1016/j.egypro.2014.11.491. 
Tank, S.E., Frey, K.E., Striegl, R.G., Raymond, P.A., Holmes, R.M., McClelland, J.W., 
Peterson, B.J., 2012. Landscape-level controls on dissolved carbon flux from diverse 
catchments of the circumboreal. Glob. Biogeochem. Cycles 26, 1–15. 
doi:10.1029/2012GB004299. 
Tanner, L.H., Nivison, M., Arnalds, O., Svavarsdóttir, K., 2015. Soil carbon accumulation and 
CO2 flux in experimental restoration plots, Southern Iceland: Comparing soil treatment 
strategies. Appl. Environ. Soil Sci. 2015. doi:10.1155/2015/205846. 
Wallin, M.B., Weyhenmeyer, G.A., Bastviken, D., Chmiel, H.E., Peter, S., Sobek, S., 
Klemedtsson, L., 2015. Temporal control on concentration, character, and export of 
dissolved organic carbon in two hemiboreal headwater streams draining contrasting 
catchments. J. Geophys. Res. Biogeosci. 120, 832–846. doi:10.1002/2014JG002814. 
